ABSTRACT Polyoma virus mutants of four functionally distinct groups have been mapped by the marker rescue technique using restriction enzyme fragments of wild-type viral DNA. Nontransforming host-range mutants map in the proximal part of the early region of the viral genome. The (3, 4, *).
mutants produce T-antigen, substantial amounts of viral DNA and capsid protein(s), and a yield of progeny virus which is 2-5% that of a wild-type infection (3, *; unpublished results). A regulatory mode of action has been proposed for the hr-t viral gene. According to the model, expression of two classes of cellular genes is caused by the action of the hr-t viral gene: those necessary for productive viral infection and those involved in various aspects of the transformed phenotype (3, 4, *) .
Temperature-sensitive (ts) mutants fall into three complementation groups-an early group (ts-a) that is defective in the initiation of transformation, and two late groups that are unaffected in transformation (5) . One. mutant, ts-3, fails to complement all other mutants, and is probably defective in a virion protein (6) .
Physiological properties of hr-t mutants set them clearly apart from all known temperature-sensitive mutant groups, but do not permit one to decide whether they are altered in an "early" or a "late" viral function. In productive infection they complement well with ts mutants of both early and late classes; they also complement with ts-a mutants for transformationtt.
We have employed the physical mapping procedure, devised and applied to bacteriophage XX-174 by Hutchison and Egdell (7) , in order to map hr-t and ts mutants of polyoma virus. This procedure has recently been applied to ts mutants of simian virus 40 (SV40) (8) (9) (10) and polyoma virus (11) . Our (12) ; ts-3 has been described (6). ts-25D was obtained from C. Basilico; it is the same as HA-25, which is an early a group mutant (13 Yields are given as PFU/0.1 ml of wild-type (WT) virus in DNAinfected cultures. See Fig. 1 for location of fragments.
fragments alone and with mutant form II DNAs alone; these were always negative.
Rescue of hr-t Mutant NG-18 with HindIII Fragments. HindIII cleaves polyoma DNA in two places, resulting in pieces of 56% and 44% length (see Fig. 1 ). The results shown in Table  1 (11) . The information in fragment 1, besides restoring wild-type growth properties to this late mutant, also specifies its hemagglutinating properties. ts-1260, a large-plaque strain, hemagglutinates well at 40 but not at 370, while the ,small-plaque wild-type virus used for rescue agglutinates well at 37°. As shown in Table 3 , ts-1260 R-1 (rescued by fragment 1) has acquired the wild-type property of hemagglutinating at 370. These results add to the likelihood that fragment 1 encodes part of the capsid structure.
HpaII Fragment Pattern of Rescued NG-18. Fig. 2 Fig. 1. Fig. 3a shows that HaeIII fragment 2 is missing in NG-18 DNA; it has been replaced by a new smaller fragment of the expected size (not seen in figure) . Therefore, the deletion must be located toward the 5' end of HpaII fragment 4, in the region overlapped by HaeIII fragment 2. Second, HpaII fragment 4 was prepared from NG-18 and wild-type DNAs and then digested with HaeIII enzyme to yield the three subfragments. Fig. 3b shows that the larger (A) subfragment is absent in NG-18 DNA, again being replaced by a smaller piece (A'). The small (50 base pair) subfragment cannot be seen in this gel; however, other experiments show this fragment to be present in NG-18 DNA. The order of the subfragments is therefore as shown in Fig. 1 Fig. 4 show results of such experiments. Results are given as PFU/0.1 ml of wild-type virus in DNA-infected cultures. See Fig. 1 for location of fragments.
Genetics: Feunteun et al. [1] [2] [3] [4] Proc. Natl. Acad. Sci. USA 73 (1976) Ligation of the 56% piece of ts-25D with the 44% piece of NG-18 leads to recovery of virus with wild-type growth properties, growing well under all conditions tested, including nonpermissive cells at high temperature. One plaque resulting from this ligation was propagated further and tested by HpaII digestion to confirm its origin. As shown in Fig. 4 , ts-25D has a small deletion in fragment 3, while NG-18 has deletions in fragments 3, 4, and 5. All of these deletions reside within the HindIII 56% piece (see Fig. 1 ). The ligated wild-type recombinant shown in lane c has the expected HpaII pattern, with only the fragment 3 deletion indicating its derivation from the 56% piece of ts-25D. The construction of wild-type virus from appropriate parts of the two mutant viral DNAs confirms the map locations of the mutants deduced on the basis of marker rescue results.
Ligation of the 56% piece of NG-18 with the 44% piece of ts-25D leads to recovery of virus with the properties expected of a double mutant. This virus exhibits the growth restrictions of both parental mutant viruses, and is capable of growing only on a permissive host at the permissive temperature (see Table  5 ). This fragment ligation procedure should prove generally useful in structural and functional studies of the polyoma genome, and will make possible physiological studies of virus FIG. 4 (20) . ts-25D of the ts-a group is also defective in transformation (13 (8) (9) (10) (11) . The mutation in polyoma mutant ts-3 is located in the proximal (5') part of the late region. By virtue of its location and certain of its biological properties, this mutant appears to be homologous to SV40 mutants of the D group (6, 9, *).
hr-t mutants have been mapped within the proximal portion of the early region of the viral DNA, a region of the genome known to be transcribed early in productive infection and in transformed cells (21) . A wild-type DNA fragment representing about 7% of the viral genome is sufficient to restore both wild-type host range and wild-type transforming ability, indicating the likelihood that one mutation causes both the reProc. Natl. Acad. Sci. USA 73 (1976) 4173 stricted host range and the inability to transform in these mutants. None of the temperature-sensitive mutants of SV40 resemble hr-t mutants phenotypically, and none of them map in the proximal part of the early region in SV40 DNA. Small deletions in this region of the SV40 genome have been described, but appear to have no major phenotypic manifestations (22) .
hr-t and ts-a mutants represent different physiological functionstt, and they map distinctly apart from one another within the early region. ts-a mutants are affected in T antigen (23, 24) , while hr-t mutants are not (2) . It is therefore possible that a second early protein exists, the product of the hr-t gene, which is distinct from T antigen. Alternatively, a single bifunctional protein coded by the early region could carry out both ts-a and hr-t functions. It is also possible that the hr-t function resides in a control sequence of the viral DNA if, for example, cellular functions come under cis-acting viral control after integrationt.
